The growing interest in obtaining diploid cell lines for vaccine production or other uses makes it necessary to re-evaluate the methodology employed to define a cell line as diploid. Basically, a cell line is considered heteroploid or diploid when the degree of chromosomal variation, as determined by comparison with the karyotype of the species, does or does not exceed an arbitrary limit. However, the accuracy of this definition needs to be reviewed. First, different populations of laboratory ani mals belonging to the same species, or even different individuals of the same popula tion may exhibit variable degrees of chromosomal polymorphism (Bianchi and Molina 1966) . Secondly, data on chromosomal variation in cells from different organs of the same individual are scantly. Thus, to what extent chromosomal polymorphism in cultured cells may be the result of in vitro conditions or the result of intraspecies, intrapopulation or even intraindividual chromosomal variability (already present in the primary cultures from which the lines were derived) has not been yet determined. In the present report we have attempted to analyze the karyology of primary and continuous cultures in order to have an insight on the fore going problems and to give some suggestions for a better delineation of the term diploidy for established cell lines.
The growing interest in obtaining diploid cell lines for vaccine production or other uses makes it necessary to re-evaluate the methodology employed to define a cell line as diploid. Basically, a cell line is considered heteroploid or diploid when the degree of chromosomal variation, as determined by comparison with the karyotype of the species, does or does not exceed an arbitrary limit. However, the accuracy of this definition needs to be reviewed. First, different populations of laboratory ani mals belonging to the same species, or even different individuals of the same popula tion may exhibit variable degrees of chromosomal polymorphism (Bianchi and Molina 1966) . Secondly, data on chromosomal variation in cells from different organs of the same individual are scantly. Thus, to what extent chromosomal polymorphism in cultured cells may be the result of in vitro conditions or the result of intraspecies, intrapopulation or even intraindividual chromosomal variability (already present in the primary cultures from which the lines were derived) has not been yet determined. In the present report we have attempted to analyze the karyology of primary and continuous cultures in order to have an insight on the fore going problems and to give some suggestions for a better delineation of the term diploidy for established cell lines. Material and methods Chromosome studies were performed on cells from primary lung and kidney cultures from five New Zealand rabbits (Oryctolagus cuniculus) of different kin but obtained from the same breeding colony. Two specimens were male and three females. The age of animals ranged from newborn to 6 month or older. Cells for chromosome studies were planted in Leighton tubes. The culture medium was Eagle basal medium essential (EBME) with 10% inactivated fetal bovine serum. During the log phase of growth, cells were treated in situ with colcemid (0.1-0.125 ug/ml) for three hours, then hypotonically shocked (3:1 distilled water/culture medium), fixed with 3:1 ethanol/acetic acid, and stained with carbol fuchsine. A total of 20 metaphases from each primary rabbit culture (selected under the low power objective on the basis of chromosome spread) were photographed and karyo typed. The incidence of polyploidy in each cell sample was determined by scoring 200 to 300 metaphases. When feasible, the percent of polyploidy was obtained for Cytogenetics" (Rieger et al. 1968 ).
Results
Karyology of primary cultures: A total of 100 metaphases derived from primary kidney or lung cultures of 3 female and 2 male New Zealand rabbits were karyotyped (20 metaphases from each specimen). Chromosome counts showed that 90% of the cells had 44 chromosomes, 6% had 43, and 4% had 45 (Table 1) . Consequently, a modal number of 44 chromosomes similar to that reported else where for Oryctolagus cuniculus (Issa et al. 1968 , Nichols et al. 1965 ) was found.
Chromosomes were arranged in 6 groups as follows: group A, large chromo somes with metacentric or submetacentric kinetochores (pairs 1-3); group B, medium size to small chromosomes with metacentric or submetacentric kinetochores (pairs 4-10); group C, large to medium size chromosomes with subterminal kinetochores (pairs 11-17); group D, medium size chromosomes with terminal kinetochores (pairs 18-19); group E, small chromosomes with terminal kinetochores (pairs 20 -21); group F, sex chromosomes ( Fig. 1 ). We chose this grouping rather than the system of Levan et al. (1964) because by comparison it seemed to allow a clearer pair identification, mainly in the case of the X pair.
On the basis of their size and kinetochore location pairs 1 , 2, 3, 9, 10, X and Y chromosomes could be accurately identified . On the other hand, the remaining pairs were only tentatively recognized. The morphology of pairs with reliable identification is as follows: pair 1, large size , metacentric; pair 2, metacentric, smaller than pair 1; pair 3, submetacentric, size smaller or slightly smaller than that of pair 2; pair 9, small, metacentric; pair 10 , metacentric, the smallest pair in group B; X chromosome, metacentric to submetacentric, intermediate size between those of pairs 3 and 4; Y chromosome, subterminal, with a size slightly larger than that of pairs 20-21 and juxtaposition of chromatids. Secondary constrictions were occasionally found in the distal third of the long arm in pairs 1, 2 and 11 and in the median third of the long and short arms in pair 3. Table 1 . Chromosome counts in primary rabbit tissue culture cells The analysis of karyotypes showed the presence of three different morphological variables in pair 11 determined by the kinetochore location; they were: a) both homologues had small short arms (similar to those of pair 12) due to a more terminal kinetochore location (80% of cells); b) both homologues showed longer short arms as a result of a less terminal kinetochore position (12% of cells); c) the pair was formed by one homologue of the type described in a) and one homologue of the type described in b) (8% of cells) ( Figs. 1-3 ). The analysis of distribution of the pair 11 polymorphism for each rabbit showed that 2 specimens were mosaics for the three patterns, I was mosaic for the pattern a) and b), I was mosaic for the patterns b) and c) and 1 exhibited the pattern a) only.
The mechanism of origin of pair 11 polymorphism is at present not clear. How ever, the fact that most animals were mosaics allow us to assume that this variability may be the result of a differential chromosome condensation produced by the colcemid treatment.
As stated above, 90% of the cells had 44 chromosomes, 6% had 43 and 4 had 45. The karyotypes from hypo and hyperdiploid cells showed that one chromo some 10 was the extra or the missing chromosome in 50% of the metaphases . Thus, it seems evident that in addition to technical artifacts a process of non-disjunction may have also been responsible for the heteroploidy in primary cells . In addition to the chromosomal polymorphism and aneuploidy thus far men tioned, the following chromosome aberrations were also found: chromatid gaps , 3% of cells; chromatid breakage, 4% of cells; isochromatid breakage , 1% of cells.
The incidence of polyploidy was determined in primary kidney cultures from all the specimens and lung cells from 3 rabbits. The results obtained (Table 2) showed that kidney cells from 3 rabbits had 12%, 14% and 6% polyploidy respectively. On the other hand, kidney cells from the 2 remaining individuals and all the samples from lung primary cultures showed a polyploid index of 3% or lower (Table 2) . When the cell morphology was correlated with the polyploid indices, it was evident that epithelial-like cells exhibited the highest and fibroblast-like cells the lowest per centages of polyploidy. The finding of high levels of polyploidy in primary cultures is not surprising since variable indices are known to exist in liver, bone marrow and male germ cells from normal individuals.
Some reports have shown that the growth phase of a culture may influence the incidence of sex chromatin in interphase nuclei (Therkelsen 1970) . Furthermore, it is known that treatment of cells with distilled water or hypotonic solutions before fixation may produce chromosome decondensation and perhaps changes in the ex pressivity of the sex chromatin body. In order to determine the influence of these conditions, the incidence of sex chromatin was studied in: a) non-confluent, hypotoni cally treated kidney cultures; b) non-confluent kidney cultures; c) confluent kidney cultures. The results obtained showed that in males the percentage of sex chromatin (or sex chromatin-like bodies) varied between 0-1.2%. In females the incidence of sex chromatin ranged between 34% and 42% in confluent cultures, between 6 and 12% in non-confluent cultures and between 1% and 5% in hypotonically treated cells. Thus, it seems evident that reliable estimates of sex chromatin incidence can only be obtained from confluent cultures fixed without any pretreatment.
Karyology of continuous cultures: Chromosome studies were performed at passage 10, 29 and 34 of the E4L1 line. The incidence of cells with 44 chromosomes was 85% in passage 10, 90% in passage 29 and 85% in passage 34. The diploid complement was female. Hypo and hyperdiploid cells showed variable karyotypes and consequently, it was not clear whether they were the result of technical artifacts or non-disjunction. Chromosomal polymorphism in pair 11, similar to that described in primary cells, was observed in all passages. The index of polyploidy progressively increased from early to late stages. The percentages found were : passage 10, 2%; passage 29, 11%; passage 34, 15%. No sex chromatin studies from confluent cultures were performed. During a first series of experiments, the second line included in this report ( E4L2) showed remarkable karyological changes. To determine if this phenomenon was reproducible, we initiated a second series from earlier passage frozen material and analyzed its behavior. The results obtained will be reported as first and second series respectively. First series-chromosome counts in 20 metaphases from passage 13 showed 44 chromosomes in 90% of cells. The karyotypes from five cells with 44 chromosomes were normal and showed a female complement. Polyploid index in this passage was 11%.
In passage 24 all metaphases analysed were hyperdiploid. Cells with 47 and 46 chromosomes comprised 62% and 23% of the sample respectively. The remain ing cells had 45 chromosomes. Karyotypes from metaphases with 45, 46 and 47 chromosomes showed that the extra chromosomes were variable. However, despite this variability two trends were noticed: a) 70% of cells had an extra chromosome 10; b) no extra chromosomes from groups A, D or E were found in any cell (Fig. 2) . Sex chromatin from confluent cells in passage 24 was 53% with 1% of cells having 2 sex chromatin bodies. This finding points out the presence of an extra X chromo some in some hyperdiploid cells (Table 3) .
Second series-chromosome studies were performed in passages 15, 17, 19, 20, 21 and 25 of this series. In every sample 13 to 30 chromosome counts were perfor med and all the hyperdiploid and at least 5 diploid cells were karyotyped. From passages 15-20 the number of diploid cells were 100% (passage 15), 95% (passage 17), 100% (passage 19) and 92% (passage 20). In passages 21 and the percentage of hyperdiploid metaphases increased to 25% and 60% respectively ( Table 3 ). The karyotypes from hyperdiploid cells constantly showed one extra acrocentric chromo some from group D (Fig. 3) ; in cells with 46 and 47 chromosomes the other extra chromosomes were variable. Thus, although in the first and second series of cultures non-disjunction seems to appear between passages 21-25, the chromosomes involved in this process were different.
Table 3. Chromosome counts in E4L2 line
Polyploidy progressively increased from 4% in passage 15 up to 9% in passage 25. Polymorphism of the short arm of pair 11 was observed in all passages . The presence of extra X chromosomes in some cells was indicated by the finding of two sex chromatin bodies in 2% of cells. The percentage of cells with a single sex chromatin body was 47%.
Discussion
Our studies in primary cultures from New Zealand rabbits showed the presence of intraindividual chromosome polymorphism and heteroploidy in all the five specimens analyzed. On the other hand , since the type of variability found was the same in every animal no intrapopulational chromosome variation could be detected .
The chromosome analysis of the continuous cell lines described in this report showed the same type of variability found in primary cultures plus some others not previously detected. Consequently, we faced the problem of determining whether or not our lines were diploid. According to the "Proposed Usage of Animal Tissue Culture Terms" (Fedoroff 1967), a diploid cell line can be defined as a line in which arbitrarily at least 75% of the cells have the same karyotype as the normal cells of the species from which the cultures were originally initiated. However, the use of this definition for our lines poses some difficulties. Our cultures were started from populations of primary cells exhibiting chromosomal variability. Thus, the "normal cell of the species" is not a single cell with a diploid karyotype, but a cell population having: a) a variable morphology in the short arm of pair 11, b) 0-25 % of aneuploidy (Table 1) , c) 0-4 of chromosome aberrations, d) 1-3 of polyploidy if the cells are fibroblast-like, e) 6-14% of polyploidy if the cells are epithelial-like. Obviously, certain amount of the chromosomal variability mentioned may be the result of technical artifacts involving different degrees of chromosome contraction (polymorphism in pair 11) and chromosome gain or loss during the process of chromosome spread. However, since the same cytological methods were used for primary and continuous cultures, and since it is not possible to determine the real incidence of the artifacts, all the chromosomal variability found in primary cells should be taken into account to eva luate the karyological stability of continuously cultured cells.
The fact that the incidence of chromosomal variability may vary from indivi dual to individual, and even in different cell populations from the same individual (polyploidy in fibroblast and epithelial-like cells), makes it difficult to accept the figure of 75% of cells with normal complement as the upper limit for diploidy or heteroploidy for rabbit cells. An illustration of this difficulty is given by the E4L1 line. The incidence of polyploidy in passages 10, 29 and 34 of this line was 2%, 11% and 15% respectively. Thus according to the definition of diploidy for cultured cells the E4L1 line is still normal. However, if we consider that 15% polyploidy in passage 34 represents an increase of more than seven times over the amount observed in passage 10, this line could be a candidate to be defined as heteroploid.
All the aforementioned facts seem to suggest that the description and definition of "diploid" as presently used and applied to cells in culture is at best a preliminary screen in the selection of cell lines for further analysis. If the diploid complement is to be one of the key criteria in the selection of cell strains for vaccine production (or other use), then a more critical restrictive definition will be necessary which should involve the results of more detailed methodological approaches. Probably, much more information regarding the karyology of cells in culture will be necessary in order to work out a valid definition of diploidy for all animal species. With the data already available some general suggestions can be proposed: a) Our results in rabbits indicate that one of the sources of error in determining the diploidy or hetero ploidy of an established cell line is the existence of chromosomal variability in primary cells. In order to avoid the intraspecies, the intrapopulational, and up to certain extent, the intraindividual chromosome variability it would be convenient to start the lines from tissues obtained from inbred strains of animals of known genealogy. This may not be possible with all species. b) Regarding the methodology, the in cidence of polymorphisms caused by technical artifacts may be equalized for every sample by using the same techniques of chromosome preparation in each karyological analysis. c) The variable incidence of sex chromatin bodies produced by differences in the growth phase of cultures used can be overcome by studying only confluent cultures. d) The tendency of a cell line to become heteroploid will be detected by karyological analysis of successive cell samples of the same cell line separated by approximately 10 passages. e) Finally, a cell line will be considered diploid if: it shows the same type of chromosomal variability as observed in primary cultured cells derived from the same source; the incidence of chromosomal variability of the aforementioned type does not show any tendency to increase in successive generations; the presence of chromosomal variability which is not observed in primary cells does not exceed a level (arbitrarily taken) of 20% in early passage levels and does not show evidence of significant increase with further passages; a "significant increase" is defined as the triplication of the levels of chromosomal variability (heteroploidy, polymorphism, aberrations, etc.) in a continuous series employing the analysis of no less than three samples from the same line (primary cultures will be considered the first sample). By using these criteria the E4L1 and the E4L2 lines are heteroploid.
Regarding the E4L2 line, our results showed that it was diploid up to passage 20 and became suddenly heteroploid between passages 21-25. We have also com mented on the presence of a small amount of hyperdiploid metaphases in primary cultures from rabbit. Consequently, it is possible to assume a positive selection for these cells under culture conditions as a possible cause of the chromosomal changes observed in the E4L2 line. In such a process two main events can be predicted: a) a progressive increase in the amount of hyperdiploid cells in successive culture pas sages, b) the presence of chromosome complements similar to those of hyperdiploid cells from late stages of the E4L2 line in primary cultures or in early stages of the line. Our results showed that heteroploidy appeared suddenly and not progres sively as one would have expected in a slow selective process. Moreover, no karyo type with 46 or 47 chromosomes was observed in primary cells or in early stages of the E4L2 line. Thus, since neither of the two predictions were met, it seems reaso nable to assume that hyperdiploidy may be the result of a process of non-disjunction occurring between passages 21-25. Furthermore, since different series of E4L2 cells started from material frozen at early culture stages became hyperdiploid at about the same passage, it is possible to surmise that the non-disjunction process was somehow predetermined or coded in the cell genome some 8 to 12 or more genera tions before and not expressed or detected until later.
Summary
The chromosome complement and the incidence of polyploidy, sex chromatin and chromosome aberrations were analysed in primary kidney and lung cells from the rabbit (Oryctolagus cuniculus) and in two continuous cell lines (E4Ll and E4L2) initiated from embryonic lung tissue.
Chromosome polymorphism in the short arm of pair 11, probably produced by chromosome contraction because of colcemid treatment, was found in primary and cultured cells. Primary cultures showed 0-25% aneuploid metaphases and 0-4% chromosome aberrations. Polyploidy ranged from 6-14% in epithelial-like primary cultures and 1-3% in fibroblast-like primary cultures. Sex chromatin in female cells ranged between 5-42% depending on whether the studies were performed on non-confluent cultures (lowest percentage) or confluent cultures (highest percentage) . Chromosomal analysis on passage 10, 29, and 34 of the E4LI line showed a progressive increase in the polyploid index (2% in passage 10, 15% in passage 34); the percentage of cells with normal karyotype varied from 85-90%.
Two different series of cultures of the line E4L2 behaved similarly: they were diploid up to passage 20 and suddenly became hyperdiploid between passages 21 25.
A comparison of the karyology of primary and cultured cells allowed one to suggest that the definition of diploidy for cultured cells should be based on: a) karyological analysis of successive cell samples of the same line separated by approxi mately 10 passages, b) comparison of the karyology of cultured cells with the karyo logy of primary cultures from which the line was initiated.
